ABSTRACT. The in vitro susceptibilities of 285 isolates of Escherichia coli from preweaned and postweaned pigs with diarrhea and edema disease were tested with the 15 commonly used antimicrobial drugs by an agar dilution minimal inhibitory concentration procedure according to National Committee for Clinical Laboratory Standards (NCCLS) guidelines. All E. coli isolates tested in this study belonged to enterotoxigenic E. coli, attaching and effacing E. coli, or Shiga toxin-producing E. coli. Field isolates had low MIC 90 for ceftiofur (1 µg/ml). No correlation in antimicrobial resistance was found in three types of E. coli. Escherichia coli strains such as enterotoxigenic E. coli (ETEC), attaching and effacing E. coli (AEEC), and Shiga toxin-producing E. coli (STEC) are associated with diarrhea and edema disease in pigs. ETEC has 2 types of virulence factors, fimbrial adhesins and enterotoxins [5, 14] . The production of attaching and effacing lesions by AEEC strains is associated with a chromosomal determinant, eaeA [7] . Shiga toxin 2e (Stx2e) produced by STEC plays an important role in the pathogenesis of edema disease in postweaned pigs [6, 12] . AEEC have been identified as a cause of diarrhea in pigs [7] . The characteristic intestinal lesion resulting from AEEC is the attaching and effacing (A/E) histopathology, characterized by intimate bacterial adherence to enterocytes and disruption of the underlying cytoskeleton [15] .
Escherichia coli strains such as enterotoxigenic E. coli (ETEC), attaching and effacing E. coli (AEEC), and Shiga toxin-producing E. coli (STEC) are associated with diarrhea and edema disease in pigs. ETEC has 2 types of virulence factors, fimbrial adhesins and enterotoxins [5, 14] . The production of attaching and effacing lesions by AEEC strains is associated with a chromosomal determinant, eaeA [7] . Shiga toxin 2e (Stx2e) produced by STEC plays an important role in the pathogenesis of edema disease in postweaned pigs [6, 12] . AEEC have been identified as a cause of diarrhea in pigs [7] . The characteristic intestinal lesion resulting from AEEC is the attaching and effacing (A/E) histopathology, characterized by intimate bacterial adherence to enterocytes and disruption of the underlying cytoskeleton [15] .
Antimicrobial resistance is one of the main concerns for health professionals dealing with bacterial disease. The current trend worldwide is to reduce antibiotic use in animal production in favor of good husbandry practices and vaccination, as means to raise healthier animals. Acknowledging the susceptibility profiles of a given bacterium can help to select appropriate treatment for the infections caused by it, which reduces failure rates, and saves time and money. Isolation of such a pathogenic E. coli may be necessary for efficient treatment since numerous non-pathogenic E. coli mainly inhabit the intestinal tracts of pigs. This is a key point since mis-isolation of the causal strain could lead to treatment failure and an increase in antimicrobial resistance, but most of antimicrobial susceptibility studies did not focus on pathogenic E. coli prior to antimicrobial susceptibility procedures. The objective of this study was to select the pathogenic E. coli among E. coli isolated from pigs with diarrhea and edema disease in Korea, and determine the antimicrobial susceptibility of these pathogenic isolates by means of new standardized procedures for the antimicrobial susceptibility test for animal pathogens issued by the National Committee for Clinical Laboratory Standards (NCCLS) [16] .
Between 1995 and 1998, 853 isolates of E. coli were isolated from 957 diarrheic piglets younger than 14 days; and 250 isolates of E. coli were isolated from 294 postweaned pigs with diarrhea and edema disease submitted from all over Korea to the Department of Veterinary Pathology, Seoul National University. Specimens of jejunal, ileal, and cecal contents were collected for bacteriological culture on Tergitol-7 agar (Difco, Detroit, MI, U.S.A.) and 5% sheep blood agar. The colonial characteristics of each isolate were noticed, including haemolytic reation on blood agar and texture (smooth, rough, mucoid) on Tergitol-7 agar. Infections were considered potentially dual or multiple when colonies with different hemolytic patterns or textures were observed.
One hundred and ninety-nine isolates out of 853 E. coli isolated from 957 preweaned pigs and 86 isolated out of 250 E. coli isolated from 294 postweaned pigs were selected on the basis of a virulent genotype. The genotypic analysis of the 285 isolates of E. coli tested in this study has been published elsewhere [2] [3] [4] [8] [9] [10] . Among 199 isolates, 177 were ETEC and 22 were AEEC. Among 86 isolates, 43 were ETEC, 8 were AEEC, and 35 were STEC.
The following antimicrobial agents and combinations of antimicrobial agents were tested: ampicillin, amoxicillin, enrofloxacin, danofloxacin, trimethoprim-sulfamethoxazole (19:1), tiamulin, tylosin, tetracycline, penicillin, spectinomycin, lincomycin, gentamicin, ceftiofur, colistin, and neomycin. The dilution ranges used for these antimicrobial agents are shown in Table 1 . Susceptibility testing was performed in duplicate on each isolate by standardized methods to determine the agar dilution MIC with supplemented Mueller-Hinton agar as described previously by the NCCLS [16] . Preparation of agars, dilution and inoculation were performed by the same technician for consistency. All plates were set up and read by one technician. The MIC of antimicrobial agents was interpreted and reported according to NCCLS guidelines. Ranges of susceptibility were noted along with the MIC that inhibited 50% (MIC 50 ) and 90% (MIC 90 ) of the isolates [16] . Two control strains (Escherichia coli ATCC 25922 and Enterococcus faecalis ATCC 29212) were used to test each set of plates.
The cumulative percentages of susceptibility (MIC 50 and MIC 90 ) of the E. coli are shown in Table 1 . For the isolates from preweaned and postweaned pigs, most of them were susceptible to low concentrations (MIC 90 ) of ceftiofur (1 µg/ ml). Noticeable resistance was found in others. The patterns of antimicrobial resistance among the three types of E. coli are summarized in Table 2 . No correlation of antimicrobial resistance was related to three types of E. coli. The MIC values of two control strains for the 12 antibiotics tested were within acceptable ranges on the basis of NCCLS guidelines, indicating the accuracy of the agar dilution minimal inhibitory concentration procedure [16] .
MIC determinations are normally regarded as most reli- Ampicillin  150  18  168  41  7  33  81  249  Amoxicillin  88  11  99  21  4  18  43  142  Danofoxacin  19  10  29  17  4  18  39  68  Enrofloxacin  30  18  48  15  5  21  41  89  Trimethoprim/sulfa  162  20  182  37  7  31  75  257  Tiamulin  123  15  138  40  8  33  81  219  Tylosin  158  20  178  39  7  32  78  256  Tetracycline  167  21  188  35  5  31  71  259  Penicillin  165  20  185  37  6  30  73  258  Spectinomycin  164  19  183  32  5  28  65  248  Lincomycin  168  18  186  34  6  28  68  254  Gentamicin  132  16  148  21  3  19  43  191  Ceftiofur  0  0  0  2  1  0  3  3 a) Enterotoxigenic E. coli. b) Attaching and effacing E. coli. c) Shiga toxin-producing E. coli. d) Number of isolates used in this study.
able for susceptibility testing of bacteria, although in vitro susceptibility does not guarantee clinical efficiency of the antimicrobial agent tested. The data show that ceftiofur should be effective in the control of E. coli infection because the MIC 50 and MIC 90 are less than the amount of antimicrobial agents needed to be susceptible. Ceftiofur was also active against E. coli isolates from the US, Canada, and Denmark [18] . In contrast, tetracycline shows resistance to E. coli in Korea and the United Kingdom [19] . Differences have been detected between the antimicrobial agents when comparing MIC data from one country with those from another [11, 13, 18] . For example, in the present study a relatively large proportion of isolates were classified as resistant to gentamicin, but in the US a relatively large number of susceptible isolates have been reported [11] . In other countries a relatively high number of enrofloxacin susceptible isolates have been reported [18] . A decrease in resistance to enrofloxacin has recently been reported among E. coli isolates in Spain [13] , but most E. coli isolates were resistant to enrofloxacin in this study. Resistance to enrofloxacin is of chromosomal origin (by mutations in gyr and par genes occurring at relatively low frequency), and no plasmid encoded resistance has been consistently found [1, 17] . It is, therefore, tempting to attribute the high proportion of resistant strains to the selection created by the wide use of quinolones on animal farms that favored propagation of mutant resistant strain.
The difference in occurrence of resistance may reflect true regional differences but may also to some extent be the result differences between the methods used in the present and the other studies. If methodological differences are present it emphasizes the need for worldwide standardization of antimicrobial susceptibility testing. Procedures used in the present study, for the antimicrobial susceptibility test for animal pathogens issued by NCCLS [16] , may be a standardized method for antimicrobial susceptibility testing.
In swine medicine, infections caused by E. coli in any form (diarrhea and edema disease) are frequent on pig farms. Pathogenic E. coli infections can be controlled by means of good management practices and high hygiene standards, as well as by vaccination of sows, but the frequently the immediate solution is to treat the animals with a therapeutic aim. Ceftiofur, a broad-spectrum cephalosporin antimicrobial agent originally developed for the treatment of bovine respiratory disease, has been approved for use in swine [18] . Therefore, ceftiofur should be effective in the treatment of porcine E. coli infection in Korea.
